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ABSTRACT 
The effects of extraoral traction on anterior bite 
opening were studied. Twenty-seven patients were divided 
into three groups and treated with either cervical traction, 
cervical traction with incisal spur, or anterior high pull 
gear. 
Significant changes in molar extrusion and mandibular 
plane contributed directly to overbite reduction. The CTG 
with Kuhn spur exerted maximum influence on these varia-
bles. 
Incisor intrusion, palatal plane and occlusal plane 
were not shown to be significantly effected by extraoral 
traction. However, the data was suggestive of vari ability 
between appliances. Perhaps if the sample size was in-
creased, significant differences might become apparent. 
The greatest reduction of apical base discrepa ncy was 
observed with appliances having posterior force vect ors . 
The anterior high pull gear showed little success in re-
ducing point A. 
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I I 
Anterior bite opening is an important factor in suc-
cessful orthodontic therapy because it permits the estab-
lishment of proper occlusal relationships. Assuming th t 
normal dental morphology exists, an ideal Class I dental 
result can be achieved only when the upper and lower ·n-
cisors approach an end-on position relative to each other. 
Similarly, when these criteria are met, the interinc·s a l 
angle may be treated to approximate 135°, a value which 
Schudy (20, 21), Lu.dwig (25) and others maintain is neces-
sary for stability of the finished case. 
·The actual means of biteopening has been shown to 
vary directly with the type of mechanics utilized during 
treatment. Much has been written concerning the stability 
of the final case based on considerations of anterior b'te 
opening by incisor intrusion or via molar extrusion. 
Thinkers such as Schudy (19), Creekmore (28) and others 
have attempted to classify facial types on the basis of 
mandibular plane angle and facial growth patterns. They 
contend that facial type should dictate the treatment 
modality. Posterior vertical vectors should be avoided 
in high angle cases and therefore incisor intrusion must 
be the primary means of biteopening in these patients, 
. 
despite the high relapse potential shown by some resear-
chers. Conversely, in low angle cases the molars are 
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generally infraerupted and treatment should be aimed at 
molar extrusion to open the bite anteriorly. 
To these ends, this study will explore three forms 
of extraoral traction used as an adjunct to open the bite 
in conjunction with edgewise mechanic... The appliances 
to be examined are the cervical traction headgear, the cer-
vical traction headgear with incisal (Kuhn) spur (24) , 
and the high pull headgear from the upper incisors. De-
termination of the mode and site of action of the indivi-
dual appliances should dictate their application in the 
treatment of specific malocclusions. 
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REVIEW OF LITERATURE 
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All forms of multibanded orthodontic therapy will 
produce anterior bite opening by virtue of leveling the 
'Curve of Spee'. When a straight wire is placed, a flat-
tening of th~ arch occurs by differential vertical intru-
sion and extrusion of teeth. 
Reitan (1,2,3) has expla·ned extrusion as a stretching 
of the periodontal fibers and a subsequent deposition of 
new alveolar bone due to fiber tension stimulation. For 
2-3 months following extrusion the fibers rearrange, 
giving stability to the system. This period of time is 
considerably less than the duration which the straight wir es 
are used so that retention of the leveling phase is built 
into treatment. 
Intrusion, on the other hand, is a pressure and re-
sorption phenomenon Reitan contends that a light contin-
uous force produces more rapid extrusion with short r 
periods of hyalinization and less root resorpt'on. 
Age is also a critical factor in extrusion since fibers 
don't elongate and rearrange as readily in adults. Simi-
larly, with more adaptive tissues in children root resorp-
tion is not as common in this age group. 
One of the criteria in judging a favorable ortho dontic 
result is an overbite relationship approaching zero. This 
was recognized early in the development of orthodontic 
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therapy. In his description of the ribbon arch mechanism, 
Angle (4), in 1920, advocated molar elevation ·n conjunction 
with lower incisor intrusion to open the bite. 
In the 1800's, Cellein developed the concept of cervi-
cal traction and occipital traction to prevent luxation of 
the mandible. Further modifications by Kingsley and ngle 
resulted in an appliance consisting of a net, covering the 
top and the back of the head joined by elastic straps to 
a heavy round labial bow. This basic appliance saw 1 · ttle 
modification until the 1940's due to the work of Kloehn. 
The direc 'tion of pull was crudely determined, but a b sic 
cervical draw produc_d a downward and backward force on the 
upper molar resulting in bite opening. 
Reisner (3) in 1936, and Jackson (6) in 1939, p blished 
articles dealing with bite opening by the use of th bite 
plane. Their similar conclusions were that both upper and 
lower incisor intrusion alone contributed to the observed 
results. No change was seen in the vertical dimension 
since there was no apparent increase in facial height. 
Further evaluation of the bite plane by Bahader and 
Highley (7) via cephalornetrics revealed a concurrent molar 
extrusion and incisor intrusion resulting in an incr a e in 
total facial height. 
Contrary to earlier studies, Reitan (1,2,3) has shown 
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that the bite plate prevents anterior tooth eruption but 
produces no significant intrusion. The appliance works by 
holding the anteriors at one level and allows the extru-
sion of the buccal segments. When a cervical gear is used 
in conjunction with the bite plane, bite opening is enhanced 
by driving teeth distally into the wedge. 
The lim·tations of the bite plane were recognize by 
Graber (8) who utilized the appliance with a cervical 
traction headgear. He concluded that excessive overbite 
may still not be fully corrected due to the lack of dequate 
control over the 'Curve of Spee'. A similar studv by 
Newcomb (9) in 1958, revealed upper molar elongation and 
clockwise rotation of the mandible. This presumably was 
due to the eruptive force of the headgear combined with the 
lack of posterior contact from the bite plane. 
Further development of the cervical traction gear cam 
in 1947, when Kloehn (10) used a facebow (.050") sol rd 
to a steel arch (. 045") at the midline. The arch was 
stopped at the molar region and inserted into buccal tubes 
on the molars. An elastic band was then hooked from th 
facebow to a cervical strap. The anterior aspect of the 
bow was placed against the upper incisors and used to close 
spaces. Kloehn used forces of 3/4 - 1 1/2 lbs. for 
twelve hours a day, based on patient tolerance. Class II 
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"treatment was aimed at slowing the forward growth of the 
maxilla and maxillary teeth while mandible and mandibular 
teeth were permitted their normal forward growth", (as 
described by Brodie). However, if the malocclusion pre-
sents with a deep overbite, then crowding will be maintained 
or increased by the functional forces of the overbite. 
Brodie and Kloehn felt that if the overbite was eliminated, 
then the functional forces of growth and development would 
be permitted to express their full potential(ll). Kloehn 
also realized that directional forces of the facebow could 
control the type of movement realized. If the facebo\v w s 
close to the lower border of the mandible and cut to end 
at the first molar, he observed, a distal tipping of .e 
upper molar crowns. Conversely, if the facebow t-1as bove 
the arch wire a distal root movement resulted. It should 
be noted that Kloehn also used a bite plane appliance to 
correct excessive overbite. 
Brodie (11), in 1938, observed the untoward reactions 
with the use of intermaxillary elastics and headgear anchorage 
in treating Class II cases. The bite opening achiev din 
these cases was due to extrusion of the lower molars re-
sulting from intermaxillary elastic use and from extrusion 
of the upper molars via CTG therapy. Those untoward r actions 
listed were: 
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1. mandibular teeth tipped forward 
2. anterior repositioning of the entire mandible 
3. occlusal plane tipped downward anteriorly 
4. changes from tooth movement were restricted to 
the alveolus. 
A similar study by Hanes (12), contrasted bite ooening 
via CTG with that resulting from the use of intermaxillary 
elastics. Findings showed more mandibular rotation with the 
CTG. That is, extrusion of the upper molar by CTG therapy 
showed more mandibular clockwise rotation than extrusion 
of the lower molar by Class IT elastics. In a later histo-
logic and cephalometric study on monek s, Meikle (13} 
verified Hanes' results. He observed that Cl ss II i ter-
maxillary elastics altered the dentofaci l complex do nw rd 
and backward. These actions, he concluded, caused the bite 
to open. 
Thurow {14, 15) has stated that it is impossibl e to run 
intermaxillary elastics without producing vertical vectors. 
However, these vectors are governed by the amount of teeth 
involved, the length of the elastics and the magnitud of 
the force involved. He suggests that light elastics can 
keep vertical forces in a range where occlusal function pre-
vents extrusion, especially in non-extraction cases where 
arch integrity is maintained. If extrusion is desirable for 
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anterior bite opening, then heavier forces may be used but 
the extrusive components on the upper incisors must be coun-
teracted via tipback bends or an anterior high pull headgear. 
Similarly, Issacson et. al (16), have recommended the 
use of intermaxillary elastics to produce posterior extru-
sion in low angle cases. They have shown success in 
achieving anterior bite opening in these deep bite cases. 
As early as 1955, astute clinicians have been critici-
zing the indiscriminate use of the cervical traction head-
gear. Graber enumerated the possible untoward sequeli of 
CTG treatment: 
1. incomplete Class I correction 
2. distal tipping of the upper molar 
3. impaction of upper second and third molars 
4. lingual tipping of upper incisors 
5. difficulty in the control of overbite reduction 
The phenomenon of clockwise mandibular rotation was 
first recognized by Silverstein in 1954. He observed that 
his cases treated with cervical traction headgear di d not 
show an improvement in the facial angle and that forward 
mandibular growth was inhibited. 
Ricketts (17), in 1960, explained mandibular rotation 
from a neurophysiologic standpoint. He felt that proprio-
ceptive receptors caused the patient to avoid biting on 
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sore teeth, thus changing the pattern of mandibular closure. 
This proprioceptive mechanism, in conjunction with closure 
patterns of the muscles of mastication, cause the mandible 
to rotate downward and backward during CTG therapy. Although 
this was helpful in overbite reduction it hindered correc-
tion to a Class I dental realtionship. Ricketts also felt 
that the maxilla could "no longer be accepted as an immu-
table structure"; that the distal retraction force to the 
maxillary teeth prevented forward growth and even caused 
the maxil~a to grow downward and backward. This is the 
basis of the orthopedic viewpoint of CTG treatment shared 
by many others. 
Sproule (18), in a Masters thesis in 1968 at the Uni-
versity of Washington, studied the effects of CTG applied 
to the maxilla of the Macaca mulatta monkey. He showed 
that the distal force on the maxilla caused facial direc-
j:ional growth changes which resulted from sutural adaptation 
and tooth movement. Observable was an independent clock-
wise rotation of the zygomatic bone and maxilla under the 
cranium. The growth redirection to a downward and backward 
pattern caused the mandible to rotate opened in the same 
direction, causing anterior bite opening. 
Schudy (19), in an indepth study at the University of 
Texas, concluded that facial aesthetics are significantly 
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effected by mandibular rotation. He introduced the term 
hyperdivergence to describe a facial pattern with a high 
mandibular plane angle where an opened bite tendency 
exists. Hypodivergence reflects a facial type with a de p 
overbite or overbite tendency. His findings showed that 
cases with low mandibular plane angles exhibited marked 
difficulty in upper molar extrusion and conversely, in high 
angle cases molars extruded easily. Schudy also correlated 
deep overbites with low occlusal plane and mandibular pl ne 
angles. The study further showed that excessive extrusion 
of upper molars, while opening the bite (1mm ~ extrusion 
gives 1.6mm chin opens) prevent~ forward positioning of 
the mandible, prevents ANB reduction and causes difficulty 
in Class II corrections. He felt that without compensatory 
growth at the condyle upper molar extrusion caused mandi-
bular rotation. Also correlated with increase in mandibular 
plane angle were occlusai plane angle, increased bite 
. 
opening and increased lower facial height. 
Overbite (20,21) is the direct result of the relation-
ship between horizontal and vertical growth, together with 
the relative vertical growth of the posterior and anterior 
alveolar processes. Schudy has labeled six growth zones 
where the orthodontist can exert an - influence to control 
overbite: 
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1. mandibular condyles 
2. body of the maxilla via palatal tipping 
3. posterior alveolar process of the maxilla 
4. posterior alveolar process of the mandible 
5. vertical growth of the maxillary alveolar pro-
cess 
6. vertical growth of the mandibular incisors. 
During orthodontic treatment, vertical growth of the 
mandible far exceeds that of the maxilla in most cases. 
This is contrary to normal growth patterns seen in non-
treated youngsters between the ages of 8-14, where the major 
vertical growth center is the pdsterior maxillary process. 
In cases treated around age 11, vertical growth can be limi-
ted in the lower incisor region; a factor which holds great 
potential for stable overbite correction. 
Control of the vertical height of the lower mol ar is 
the most important factor to Schudy in overbite corr ectio n. 
Although lower incisor intrusion is relatively simpl e to 
accomplish, the relapse tendency is great. However, if 
molar extrusion is not feasible in certain instances then 
lower incisor intrusion is inevitable in overbite correction. 
Regulation of lower incisor height is based on post erior 
dentoalveolar growth in that posterior dentoalveolar vert i-
-19-
cal growth creates an increased intermaxillary space. If 
incisors have been depressed during treatment they can 
easily re-erupt into this space. 
· The stability of the overbite correction can be main-
tained if the interincisal angle is treated to and main-
tained at 135°, with the incisors in an end-on relationship. 
To accomplish this end Schudy recommends retaining the lower 
incisors with a fixed 3-3 retainer. However, in a random 
sample of 50 cases the correlation between interincisal 
angle and overbite is only .45. This means that 20 % of the 
overbite correction can be related to interincisal angle 
and the remaining 80% to other factors. 
Based on his findings, Schudy advocated the use of 
high pull headgear fr om the upper molar to inhibit downward 
growth of the maxilla in opened bite cases and high mandi-
, 
bular plane angle cases. In the treatment of closed bite 
cases he recommends lower molar extrusion with the inhibition 
of occlusal growth of the lower incisors. He bases his 
assertion on a high correlation of overbite stability and 
vertical movement of the lower molars. In addition the 
use of a cervical traction may be advisable in these low 
angle cases to enhance bite opening via upper molar e xtru-
. 
sion. 
King (22), Weislander (23), Kuhn (24) and Poulton (32) 
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have shown similar finding regarding mandibular rotation 
and have reitterated Schudy's conclusions. 
Interincisal angle as relates to overbite stability 
was again studied by Ludwig (25). He sampled 100 pretreat-
ment and posttreatment cephalograms, measuring the degree 
of overbite related to a perpendicular line from the 
facial plane. Inclination of the maxillary and mandibular 
incisors were also related individually to the facial plane 
as well as recording total interincisal angle. Ludwig 
concluded that there was no correlation between facial type 
based on a dental height: depth ratio and overbite. He 
did suggest a positive correlation between interincisal 
angle and postretention stability. 
Klein{26) showed that molar extrusion almost invariably 
gave rise to an increased mandibular plane angle. He postu-
lated that this was an accommodation of the mandible due to 
an encroachment on the freeway space. Klein used three 
parameters in evaluating maxillary change due to cervical 
traction headgear: 
1. palatal plane 
2. convexity of force (Downs') 
3. SNA comparison 
Results showed a tendency for the palatal plane (SN to ANS-
PNS) to tip downward anteriorly, while the upper molar elon-
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gated. Also, point A was retracted and the angle of con-
vexity decreased. The fact that the palatal plane tipped 
downward indicated to Klein that there was an alternative 
in the basic maxillary structure. 
Klein (26), Ricketts (12), Sandusky (27), Schudy (19) 
and Weislander (23) all observed a downward tipping of the 
anterior palate during CTG therapy. Sandusky also observed 
that occlusal plane tipping followed that of the palatal 
plane. He reasoned that upper molar extrusion would seem 
to contra~ict anterior downward tipping of the occlusal 
plane unless the entire palate moved. On the other hand , 
Holdaway and Schudy (19) felt that occlusal plane tipping 
was due to upper incisor extrusion and distal tipping of the 
upper molar. 
Klein (26), King (22), Ringenberg and Butts (36) 
have all corroborated these results by showing that during 
CTG treatment the occlusal plane remained stable or tipped 
~ownward slightly in the anterior region. The greater the 
occlusal plane tipping, the less pogonion was able to come 
fo:rward. This presumably is due to the upper molar extru-
sion and distal tipping which caused the mandible to rotate 
clockwise. 
Another thinker who was concerned with the interrela-
tionship of orthodontic treatment and vertical growth was 
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Creekmore (28). He examined the records of 62 patient from 
the University of Texas, University of Michigan, and from 
the files of F.F. Schudy and related vertical growth to 
anteroposterior growth as regard therapy. Cervical trac-
tion headgear was used in all cases and they were treated 
non-extraction. 
Creekmore observed that the anteroposterior discrepan-
cies were resolved by holding SNA while SNB came forward. 
Where mandibular rotational effects were seen, the overjet 
correction was opposed. Rotation was seen as the difference 
in total vertical molar growth and vertical condylar growth. 
Where molar vertical growth predominated, rotation was 
shown; conversely, when condylar growth prevailed then the 
mandible showed a greater horizontal component. 
In these cases, bite opening was shown to b due to 
the extrusion of lower molars significantly beyond that 
. 
expected in normal growth. This posterior eruption was 
due to the use of Class II mechanics during treatment. 
In most cases lower incisor eruption was inhibited, but 
some upper and lower incisor depression was observed. This 
depression was once again shown to be directly related to 
overbite relapse from subsequent re-eruption . of incisors 
while molar elevation was related to vertical overbite · 
stability. 
-
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Creekmore attempted to classify facial types based on 
skeletal patterns. A high angle face is one in which the 
distance from anterior nasal spine to menton is larg with 
supraeruption of the anterior teeth, or where posterior 
nasal spine and the lower border of the mandible are close 
together with infraerupted posterior teeth. With this facial 
pattern, slight molar extrusion could easily produce an 
opened bite without compensatory growth of the already 
elongated incisors. Low angle faces exhibit interrupted 
incisors due to a short anterior dental height with supra-
erupted molar caused by excessive posterior dental height. 
It is therefore quite difficu1t ·to raise these molar s 
further to open the bite. Incisor intrusion is also diffi-
cult as they are already infraerupted. 
Wylie (29) also related overbite correction to total 
facial height. He studied 90 cases and concluded that as 
the total facial height diminishes the bite depth incr ases. 
The difficulty of anterior overbite correction also paral-
lels this relationship. 
One of the first thorough cephalometric evaluations of 
the occipital headgear, in the treatment of Class II maloc-
clusions was done by Poulton (30) in 1959. His appliance 
consisted of bands on the maxillary molars and incisors with 
an .021 X .025" archwire. Hooks were placed between the 
-24-
central and lateral incisors to receive the headgear and 
lingual root torque used to hold the axial inclination of 
the incisors. Springs directed against the upper molars 
gave the Class I correction. Results showed a rapid and 
substantial decrease in overjet due to direct headgear 
force against the upper incisors. However, the vertical 
overbite was not adequately decreased. Poulton also ob-
served a downward movement of the chin (swin ging opened), 
which retarded forward movement of pogonion, and tended 
to decrease the overbite. Also recorded in several cases 
was a posterior and slightly downward tipping of the 
palatal and occlusal planes. 
Adverse effects, such as lack of overbite reduction 
and opening of the chin point were attributed to poor 
appliance design. Poulton concluded that bit e opening 
could be built into the appliance if the geometric c enter 
of the maxillary alveolus is raised by moving the he ad -
gear hooks further anterior and raising the pull upwards 
(high pull headstraps). 
Poulton (31,32) repeated his early high pull headgear 
study, changing only the direction of pull. Many of the 
adverse effects previously observed were improved upon. 
He showed that the geometric center of the maxilla was 
between the premolar roots {point M), and that any distal 
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pull should be aligned through M to avoid tipping. Simi- v 
larly, if a bite opening force is desirable then the direc-
tion of pull should be forward and superior to M. Therefore, 
a high pull headgear from the anterior region can retract 
the incisors with incisor intrusion and can correct over-
bite without a direct extrusive component on the upper molar. 
Ackerman (33) recognized the need to relate the type 
of headgear used in treatment to the occlusal plane angle. , 
He advocated the use of the high pull headgear where the 
ocqlusal plane was steep and when upper molar extrusion 
would cause mandibular opening. 
Kuhn (24) felt that control of posterior teeth eruption 
is the most manageable factor in the control of anterior 
occlusal vertical dimension of the lower face and therefore 
regulation of bite opening. He recommended mandibular 
opening to improve facial aesthetics where there was ex-
cessive lip length. Similarly, dental aesthetics might 
also be improved by lengthening anterior crowns by poste-
rior eruption. By extrusion of the upper molars 1mm, he 
showed 3mm of mandibular rotation at gnathion and a simi-
lar amount of bite opening. However, Kuhn opposed verti-
cal components where Class II correction was desirable via 
maximum horizontal growth. Consequently, mandibular ro-
tation may be seen to have both positive and negative as-
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pects and should be evaluated on an individual basis in each 
case. 
Kuhn recommended the use of the high occipital h adgear 
from the incisors for incisor depression, giving anterior 
bite opening or to resist incisor eruption when Class II 
mechanics were utilized. He felt that the intrusiv v ctors 
of the high pull headgear far exceeded the di tal forces. 
The level of the outer bow of the cervical tract·on 
headgear was shown by Kuhn to give directional control to 
molar movement. A low outer bow produced vectors on the 
molar in a distal and extrusive direction. Convers ly, if 
the outer bow was high, a greater bodily distal movement of 
the upper molar was obtained. Kuhn also recommended the 
addition of an incisor (Kuhn) spur when the outer bows 
were bent upward to produce upper incisor depression. When 
this spur was used he observed concurrent occlusal plan 
tipping and maxillary (palatal) rotation. 
To this f:X)int in time clinicians had been relating 
stability of overbite correction to interincisal angle, 
facial type and mandibular growth patterns. Hernandez (34) 
attempted to correlate the stability of posttreatment 
mandibular bicanine width to deepening of the overbite. 
Eighty-three cases from the practices of W.A. Blueher, B.W. 
King and R.M Lutz were examined. Twenty-fiv \-Jere treated 
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by extraction and fifty-eight via non-extraction. All cases 
were Class II division 1, with deep overbites and they 
were out of retention a minimum of 6 months. The depth of 
overbite was measured by the vertical edge overlap of the 
maxillary and mandibular incisors and the intercanine \'lidth 
was taken from the widest area of the mandibular can ine 
crowns. 
Hernandez found the most overbite relapse, 1. 7mn1 per 
person, occurred in the non-extraction group where the man-
dibular canines were constricted during treatment and re-
tained in this position. In the extraction group, the 
greatest relapse was found in cas .es where mandibular bicanine 
width was expanded during treatment and then allowed to de-
crease post-retention. The least relapse was found in 
those cases where the same bicanine width was maintained 
throughout treatment through the postretention phase. He 
concludes that the greatest incidence of overbite relapse 
. 
is in extraction cases where bicanine width is allowed to 
constrict posttreatment. The study reveals that although 
expansion may decrease overbite during treatment, it tends 
toward a greater postretention relapse. 
The adverse effects of the CTG were again recognized 
and enumerated by Merrifield and Cross in 1970 (35). They 
observed a downward movement of the maxillary denture as 
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well as a clockwise rotation of the mandible. These inves-
tigators also tabulated the changes in anterior overjet and 
overbite relationships to be expected by molar extrusion 
and thus by an increase in the cant of the mandibular plane. 
Leveling was seen as the primary method of bite opening and 
the use of an exaggerated 'Curve of Spee' in the upper arch 
wire was recommended to depress the molars while a reverse 
curve in the lower was used to give incisor intrusion. 
Banding the second molars to enhance leveling was explained 
by the creation of a longer lever arm and the product ion of 
greater posterior anchorage. 
The use of the CTG was discouraged because of its 
detrimental effect {downward growth), and because it had 
no positive value. However, Merrifield and Cross di d re-
cognize the need for headgear therapy in certain Class II, 
deep bite cases to open the bite, and suggested the use 
of the high pull headgear. They felt there was good control 
of the appliance by its compression of all three primary 
sutures of the maxilla: pterygopalatine, frontornaxillary 
and zygornaticomaxillary. Other uses of the HPG were deemed 
to be retardation of downward and forward migration of the 
maxilla in the growing child and to c ounteract the ex -
trusive forces of Class II elastics on the maxillary denture. 
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Contradictory results were obtained by Ringenberg and 
Butts (36), in a clinical study where 30 one arch, Class II 
division 1 cases were treated with cervical traction head-
gear. They showed that in single arch treatment the dento-
skeletal pattern of a growing child could be changed without 
the adverse effects of CTG seen in full edgewise treatment. 
Most significant is the fact that they observed no increase 
in the cant of the mandibular plane, even with molar extru -
sion. Also, the lower facial height was not changed. 
Another advocate of the use of the high pull headgear 
was Root (37). He felt that the successful treatment of the 
Class II case hinged on the reduction of the ANB angle. To 
accomplish this end the forward growth of the maxillary den-
ture must be arrested, the upper teeth distalized, and 
vertical eruption hindered so that horizontal catch up 
growth may occur. By the use of the HPG, Root was able to: 
1. stop eruption of the upper anteriors or dep ress 
them 
2. resist the extrusive . rotating forces of Class 
II elastics 
3. move the upper anterior teeth distal. 
A study comparing headgears was done by Barton (38) 
1972. He treated 40, first bicuspid extraction cases; 20 
with CTG and 20 with HPG (canine). The basic premise of 
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the study was that the HPG would prevent upp r molar extru-
sion (vs. CTG), thus allowing further forward movement of 
the mandible. Barton showed th t the CTG caused more up er 
molar extrusion and mandibular rotation than the HPG. Th 
CTG caused the chin to drop down 2.6mm more than the HPG. 
He therefore extrapolated that the HPG is the treatment of 
choice in high angle cases while the CTG is the choic . in 
low angle cases when bite opening is desirable. .Also ob-
served was the fact that the HPG allowed the chin to come 
further fo.:rward than the CTG because molar extrusion w s 
prevented with HPG. The study revealed that the HPG ~as 
satisfactory only for cuspid to cuspid retr ction in moder-
ate malocclusion, and that the line of pull and center of 
resistance of the maxilla must be considered in fitting a 
headgear. Barton also found that the mandibular plane angle 
was not increased significantly, although the upper molar 
was extruded with CTG. He explained this by compensatory 
condylar growth, which caused the mandible to drop stra·ght 
down. It was only in extremely high angle cases that the 
mandible rotated. 
Kroll (39) (1971) in his M sters Thesis at Boston Uni-
versity studied a rapid bite opening system. The system 
utilized a high pull headgear from the upper incisors, 
Class II elastics and torquing arch. With this system th 
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upper incisors are either tipped or moved distal bodily, 
depending on the type of arch wire used (rectangular vs. 
round). Upper incisor intrusion was observed and contri-
buted to bite opening as did lower molar extrusion via Class 
II elastics. However, lower molar extrusion was found to 
be unstable and to cause clockwise rotation of the mandible. 
To counter this deleterious effect a reverse curve and tip 
backs were placed in the lower arch wire. 
Kroll concluded that the high pull headgear: 
1. stops eruption or intrudes upper anteriors 
2. resists extrusion and maxillary rotation of 
Class II forces 
3. moves upper anteriors distally 
4. important in torque ,- activation and control 
5. involved in overbite control 
Those clinicians following the Begg philosophy of tooth 
movement exclusively, do not use headgear therapy. Instead, 
they use elastic forces to accomplish their ends. Weber 
(40), showed that bite opening using Begg thevapy is accom-
plished by extrusion of the ,lower molars and by in-trusion 
of the lower incisors. He found that the mandibular plane 
angle increased during treatment but returned to pretreat-
ment values some years after active treatment was discon-
tinued. 
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Newman (41) observed that when Begg treatment was us din 
high angle cases to open the bite, there were no significant 
changes in mandibular plane angle and vertical dimension. 
Barton (42) (1970) did a cephalometric comparison of 
overbite changes in Begg technique. He concluded that 
overbite reduction in Begg tr atm .ent was due to extrusion 
of both upper and lower molar. Also seen was an incre se 
in the mandibular plane angle immediately following treat-
ment. 
Schudy has stated that b'te opening by incisor intru-
sion is unstable, while Reitan believes that a force of 
80-120 grams on the anteriors gives rapid intrusion with 
continuous force which is ideal for stability in growers. 
Most Begg advocates treat to an interincisal angle of 135° 
in Stage III, a major stability factor according to Schudy. 
An analysis of the Begg mechanism by Martin Crytzer 
(43) revealed upper and lower molar extrusion (U-1.Smrn 
elongation and 2.8mm anterior displacement; L-3.96mm 
elongation and 4.31mm anterior displacement). Crytzer 
states that this extrusion is not significant in ant rior 
bi1e opening when we realize that the molars are also being 
protracted out of the wedge. Also observed was upper and 
lower incisor intrusion (U=l.Smrn; L=l.47mm). 
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In summation, Begg mechanics adhere to Schudy's theo-
ries by extrusion of the lower molar to achieve anterior 
bite opening and by establishing an interincisal angle of 
135°. Schudy is violated on incisor intrusion, though 
Reitan shows stability in this regard. 
Thirty cases treated with anterior high pull headgear 
were studies by Castaldo (44), as relates to overbite cor-
rection. Particular emphasis was placed on incisor and 
molar tooth movement and palatal plane tipping. Cephalo-
metric comparison of pretreatment and posttreatment head-
plates showed that the HPG had little success in intruding 
the maxillary incisors or tipping the palatal plane . It 
was found that molar extrusion, especially of the mandibular 
molar was the major factor in overbite correction. 
In a recent study of the effects of high pull traction 
on the Macaca mulatta, 700 grams of force per side was applied 
at an angle of 40 degrees to the occlusal plane {45). 
Overall superimposition on implants revealed a significant 
posterior and superior displacement of the maxilla, as well 
as a slight clockwise rotation of the midfacial complex. 
Point A also moved in a posterior direction, and the dental 
relationship was changed from Class I to Class III. ssoci-
ated with this maxillary change was a counterclockwise ro-
tation of the mandible with a closure of the mandibular 
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plane angle an average of 4.8 degrees. Elder and Tuenge 
attributed 50% of their results to involvement within the 
alveolar process, and 50% to bony changes in the maxilla 
and midface. 
Posttreatment results showed long term stability in 
those skeletal changes achieved with the high pull headgear. 
Dental changes showed some relapse; however, it was stressed 
that tipping of teeth as seen with the HPG is inherently 
less stable than bodily movement. In addition, effective 
control of mandibular plane rotation and the vertical dimen -
sion was demonstrated. The resumption of normal growth after 
discontinuing the headgear suggests that permanent redirec-
tion of growth had not occurred (46). 
In a ten-year postretention study, Simons and Joondeph 
(47), attempted to correlate incisal overbite relapse to 
craniofacial characteristics. They studied 70 cases from 
the records of Richard Riedel, where pretreatment, post -
treatment and postretention headplate values were plotted 
by Cal Comp digital computer. 
The findings showed that patients with the deep est 
initial overbite had the deepest overbites ten years post-
retention. This group also maintained the greatest amount 
of overall correction. This data revealed that the amount 
of relapse during treatment related to the amount of cor -
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rection during treatment and suggests that overcorrections 
may be indicated. 
Protrusion and depression of lower incisors during 
treatment was correlated with ov rbite relapse. It was sug-
gested that to enhance long term stability of overbite cor-
rection, protrusion of mandibular incisors during treatment 
should be avoided. Deep initial overb'te was associated 
with upright, retrusive mandibular inc·sors as in Angle Class 
I crowded, and Class II division 2 malocclusions. M xillary 
incisor position was shown to be related to initial overb'te 
but not correlated with relapse. 
The study further showed that mandibular growth d ring 
and after treatment, especially in a vertical direction, 
increased overbite stability. Denture height was also cor-
related with stability. When the anterior height from 
anterior nasal spine to menton increased during and after 
treatme~t the relapse decreased. A high correlation was 
found between occlusal plane angle and ov rbite relaps . 
When this angle was increased during treatment, posttr tm nt 
flattening tended to deepen the bite. Also confinn d was th 
fact that deep overbite is related to a high interincisal 
angle, as demonstrated by Schudy. No differences in over-
bite relapse were found between extraction and non-extraction 
treatments. 
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Young Kim (48), in 1974, attempted to find an exact 
criterion for classifying bite openness. He was dissatisfied 
with present diagnostic methods geared toward the mandibular 
plane angle as a reference point. He refers to the Schudy 
classification of hyperdivergence as an indicator of opened 
bite tendency, and hypodivergence as correlated with d ep 
overbite or overbite tendency. Kirn feels that this s stem 
is unreliable in that many deep bite malocclusions show hy-
perdivergent facial types. Also, opened bite cases my 
be found in hypodivergent faces. 
119 normal occlusions were studied at the Forsyth 
clinic. Most frequently correlated (.369} to ·ncisal over-
bite depth was an angle formed by A-B plane to the mandi-
bular plane. When this angle was combined with the angle 
formed by the palatal plane and Frankford horizontal, the 
correlation was even higher (.394). This measurement was 
labeled overbite depth indicator (ODI). 
Also included in the study were 500 malocclusions, 
which were categorized and subjected to the ODI to deter-
mine variations between normal occlusions and malocclusions. 
The mean ODI values were 74.5° for the normal sample and 
74° for the malocclusion sample with standard deviations of 
6.07 and 7.31 respectively. The t-test suggested th t hen 
the malocclusion fell within the range of normal overbite, 
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the skeletal pattern was also considered within the normal 
range, regardless of the Angle classification. It has been 
demonstrated that the lower the ODI figure, the greater the 
chance for opened bite or opened bite tendency. A greater 
degree of overbite was related to an increase in the ODI 
value. 
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METHOD AND MATERIALS 
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The cases evaluated in this study were selected from 
those treated at Boston University orthodontic clinic. 
Edgewise mechanics was used as necessary in conjunction with 
the various forms of extraoral traction to be evaluated. 
The total study group was further subdivided into three 
categories on the basis of the form of headgear therapy 
employed. Inasmuch as the same method of treatment (edge-
wise mechanics) was used on all cases studied, any differences 
in the resultant bite opening, both observed and in the mode 
by which it was obtained, should be a direct result of the 
type of extraoral traction utilized. 
Group A consists of those patients treated with cervi-
cal traction headgear. This appliance was used either to 
obtain a Class I correction or to support posterior anchor-
age during mechanotherapy. Care was taken to exclude from 
this group any patients who showed vertically sensitive faces 
through cephalometric analysis. That is, where mandibular 
clockwise rotation due to upper molar extrusion and distali-
zation (19) was deemed detrimental to facial aesthetics or 
to Class I correction. Vertical sensitivity was generally 
correlated with a high mandibular plane angle and a long 
lower face height. The CTG employed was similar to that 
described by Kloehn (10). A force of approximately 1 lb. 
per side was delivered, and the patients were instructed to 
• 
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wear their headgear from twelve to twenty-four hours a day; 
the average time being approximately fourteen hours. 
Group B, consists of those patients treated with 
cervical traction headgear with the addition of an incisal 
{Kuhn) (24) spur. The treatment appliance is the same des -
cribed in Group A, except that an . 045" spur is soldered to 
the labial bow so as to fall between the upper central inci-
sors when the headgear was worn. The outer bows were direc-
ted superiorly to encourage a bodily distal movement of the 
upper molars. As the labial bow moved upward whe n the 
cervical strap was activated, the incisal spur engaged be-
neath the arch wire, creating a superior force vector against 
the anterior region of the arch wire. An arch wire diameter 
of at least . 018" was used so that distortion was not a 
significant problem. Once again, a force of approximately 
1 lb. per side was delivered and the patient instructed 
to wea~ his headgear on the same regime as those in Group 
A. It should be noted that the incisal spur was not added 
to the facebow until the patient had a Class I correction 
or as close to this point as possible, allowing a degree of 
latitude to the clinician treating the case. This was done 
to standardize all the patients in this group and to allow 
for minimum adjustment of the appliance. That is, if 
further molar retraction was needed to obtain a Class I 
-41-
molar relationship, a similar posterior movement of the 
spur would have caused it to butt up against the incisors. 
This situation could create a diastema in addition to dis-
sipating the force on the molars. Similarly, frequent ad-
justment of the spur would be necessary to prevent binding 
against the incisors which would tend to negate the depres-
sive effect on the anterior aspect of the arch. 
Group C, the final group, consists of those patients 
treated with a high pull headgear from the upper anterior 
teeth. This appliance was used in either of two ways. 
When introduced early in treatment its function was an ini-
tial reduction in the overbite and overjet relationships, 
as for example when the incisors were quite protrusive. 
This reduced the possibility of traumatic injury or facili-
tated further treatment. In these situations the upper arch 
wire was often stopped in the molar region so that the ante-
rior f~rce component was also delivered to the molars, 
aiding in a Class I correction. A second common use for 
the HPG is as part of a system usually employed for retrac-
tion of the upper anterior segment after the buccal segments 
are in a good Class I relationship. The HPG is used in 
combination with Class II force, anterior torque on the in-
cisors and tip back bends between the upper molar and second 
premolar. A reverse curve is Rlaced in the lower arch wire 
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when lower molar extru sion is to be prevented. The Class 
II mechanics facilitate incisor retraction, the torque holds 
the incisor angulation, and the tip back bends prevent mesial 
migration of the upper molars. The HPG itself places a re-
traction force on the incisors and may be used to open the 
bite. 
The appliance design followed that suggested by Poulton 
(30) in 1959. The minimum of teeth banded in the maxillary 
arch were the incisors and the first molars and helices were 
placed between the central and lateral incisors to receive 
the headgear. An elastic strap with hooks on both sides was 
fitted over the calvarium, and when stretched the hooks inser-
ted into the helices on the arch wire. The direction of 
pull was adjusted so as to draw superior to Poulton's -point 
which is the center of resistance of the maxilla between 
the premolar roots. 
Cephalo~etrics: 
The differences in the three treatment groups were 
evaluated on the basis of cephalornetric analysis. Nine 
measurements were considered which should reveal the effect 
of the different headgears, and their specific modes of 
action. 
Linear changes: 
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SN to~, SN to 1 - These measurements are made perpendicular 
to NS and reflect the vertical changes of the upp er in-
cisors and molar. The incisor measurement is recorded 
from the tip of the incisal edge, while the molar value 
is measured from the tip of the mesial cusp. 
SN to Me-The linear measurement between these two points re-
flects the degree of mandibular opening during treat-
ment. 
Angular changes: 
SNA and SNB - (Steiner) - These two values show the amount 
of horizontal change (overjet reduction) observed and 
the relative site of action; either mand ible or max.illa 
or a combination 
GoGn to SN - (Steiner) - The mandibular plane angle ~hich 
reveals the degree of mandibular opening 
Occlusal to SN - (Steiner) - The occlus al plane angle showing 
the occurance of any tipping 
Palatal plane to SN - The palatal plane angle, measured 
from anterior nasal spine to posterior nasal spine. 
This value shows any tipping of the palate and thus 
the maxilla due to treatment. 
SN to Pogonion - This value shows modification of the chin 
point and thus reflects mandibular change. Similar 
to GoGn to SN. 
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RESULTS 
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All data was subjected to an analysis of variance, both for 
independent groups (appliance differences) and for repeated 
measures (before versus after). Findings are presented and 
discussed as mean changes within a group as related to each 
variable (Tables A and D). 
Upper molar extrusion (SN to 6) 
The mean change with cervical traction with incisal 
spur is 2.13 mm of extrusion. The cervical traction and the 
high pull headgear show changes of .13rnrn and .72rnrn respec-
tively. Although these values are not significantly dif-
ferent, the data is suggestive of difference in molar extru -
sion with the various headgears (P<.10). The results do show 
that extraoral traction on the whole does cause significant 
molar extrusion (P <.OS). 
Incisor intrusion (SN to 1) 
Mean changes for the CTG with spur, CTG, and HPG are 
-l.07rnm, -.3lmm, and -l.7lmrn respectively. No significant 
differences are shown between headgear types. The overall 
incisor intrusion with headgear therapy is -.92rnrn, where 
P <.10, showing a tendency toward significant incisor intru-
sion with headgear therapy. 
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Facial Height (N to e) 
Mean changes for CTG (-.Smin), CTG ~ith spur (1.90mm), 
and HPG (0mm) show no significant differences between ap-
pliances as regard facial height. Similarly, no significant 
change is seen pretreatment to posttreatrnent with all forms 
of extraoral traction (.4mm). 
SNA 
Point A was reduced with each form of extraoral trac-
tion. The greatest reduction was seen with cervical trac-
tion alone 0 (-1.18 ) . The CTG with spur and HPG showed -.81° 
and -.35° respectively. No significant difference was shown 
between the type of headgear used, however there was 
significant difference (P <.01) in SA reduction observed 
with headgear therapy. 
SNB 
Little change was seen in Point B, with appliances and 
no significant difference was shown betY1een the appliances. 
Mean changes: CTG = -.14°, CTG with spur= -.19°, HPG = 
oo. 
Mandibular plane (GoGn to S) 
The cervical traction with incisal spur showed t e 
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greatest amount of mandibular opening (1.76°). The CTG 
and HPG showed increases in the mandibular plane angle 
of .41°, and .1s 0 respectively. Although not statistically 
significant, a definite tendency toward difference in 
effect has been demonstrated between the types of headgear 
(P<.10). A significant difference in mandibul r plane was 
shown with the use of any form of headgear therapy (P<.05). 
Occlusal plane (occlusalt to S) 
The ~cclusal plane opened an average of .84° with CTG, 
but was reduced -.88 and -1.72° with CTG with ·ncisal spur 
and HPG respectively due to anterior depressive components. 
No significant difference was shown between he dgear types. 
In addition, no significance was demonstrable in the oc-
clusal plane pretreatment to posttreatment (-.37). 
Palatal plane (ANS-PNS to SN) 
- J 
Cervical traction alone caused an opening of the pal tal 
plane angle (.37°), while the CTG with spur and the HPG 
caused the angle to decrease -.06° and -.79° respectively. 
The overall decrease in palatal plane angle was .08° with 
headgear therapy. 
tween appliances. 
o significant difference was seen be-
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Chin point (SN to pogonion) 
Although no significant difference was shown bet ween 
appliances, the chin point was shown to open with all forms 
of extraoral traction. The largest effect was shown with 
0 0 0 CTG and spur (1.13 ) , followed by CTG (.41 ) and HPG ( .14 ) . 
However the average opening of the chin point with all forms 
of extraoral force (.56°) was shown to be statistically sig-
nificant (P<.05). 
Correlations: Tables B,C 
Correlations were computed in two ways. 
The before measures for each variable were correlated 
with the after measures for the same variable. The correla-
tion for all parameters observed were greater than r=.9, 
except for SN to 1 and occlusal to SN, where the values were 
r=.87 and r=.749 respectively. All of these correlations 
were shown to be significant (P<.001) (Table B). This data 
shows that the measure of a given variable is directly re-
lated to its posttreatment value. Similarly, these high 
correlations of puetreatment .and postreatrnent data show 
that therapy had a relatively small effect when compared 
to the overall magnitude of a given variable. 
The changes in each variable were then correlat ed with 
each other to establish relationships between the individual 
... 
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effects (Table C). As one variable ch nged one way, another 
variable changed in a similar fashion. The correlations 
in this group generally range between r = .4-.6, which is 
not indicative of strong relationships. To the contrary, 
these values show that only 16% to 36% of a given change 
in one variable is directly attributable to a change in 
another. 
Molar extrusion was found to be correlated with n 
increase in facial height (r = .628). This shows that pos-
terior op~ning causes a corresponding anterior opening. 
Increased facial height was shown to be correlat e 
with an increase in the mandibular plane angle (r = . 08). 
When the ANB angle decreased, a correlation was hown 
toward an increase in the occlus 1 plane angle (r = -.461) 
and the palatal plane angle (r = -.434). s the maxilla 
is pushed distally, the palatal and occlusal planes drop 
down anteriorly, increasing the angle made with SN. 
An SNB increase was shown to be correlated (r = -. 43) 
with a decrease in the angle the chin point makes wi S . 
As the chin comes forward horizontally, these angles change 
in an inverse relationship. 
The mandibular plane angle was shown to be positively 
related to changes in the palatal plane angle {r = .455). 
This is explained by considering that as the palate is force 
-50-
downward, a subsequent opening of the mandible is to be 
expected unless there is compensatory condylar growth. 
-51- BR RY 
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Overbite is the result of the relationship between 
horizontal and vertical growth of the non-dental structures 
of the face, together with relative vertical growth of 
posterior and anterior alveolar processes (20,21). According 
to Schudy there are six gr0\'1th zones. In the maxilla the 
three are the posterior alveolus, which is the major growth 
zone during ages 8-14, the body of the maxilla, and vertical 
growth of the incisors. The growth areas in the mandible 
are the posterior alveolus, the condyles and the incisors. 
It is postulated that the mandibular condyles and the 
lower incisor serve compensatory roles, adjusting mandibular 
growth and occlusal plane relationships to modifications of 
the posterior dental height. Changes in anteroposterior 
growth of the condyles are paralleled by directional growth 
changes in the mandible. Posterior dentoalveolar growth in 
a vertical direction creates an increased interrnaxillary 
space tnto which the lower incisors erupt to maintain the 
overbite relationship (20). 
From his observations, Schudy concluded that bite 
opening is best achieved by lower molar extrusion because 
he noted instability in lower incisor intrusion and diffi-
culty in achieving adequate upper molar ext~usion (19,20,21). 
Similarly, Kuhn (24) and others (14,15,16} advocate control 
of vertical molar height, especially of the lower molar, in 
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regulating anterior overbite. lnnn of posterior molar extru-
sion will cause a 1.6mm opening of the chin. Upper molar 
extrusion is seen to influence anterior bite opening, but 
adequate overbite correction is apparently difficult to 
achieve by this factor alone. The present study showed 
relat~v~ly little change in upper molar height during treat-
ment as substantiated by the high correlation (r =.929) be-
tween pretreatment and posttreatment values. 
Creekmore (28) and Simons and Joondeph (47) have demon-
strated that anterior bite opening accomplished by molar 
extrusion exhibits the most favorable long term stability. 
However, molar extrusion has its problems. Many investi-
gators (19,22 ·,23,24) have cautioned that overextension may 
have the detrimental effects of mandibular rotation, which 
can oppose Class I correction and reduction of ANB difference 
and cause elongation of the lower facial height. In addition, 
this movement is contrary to the expected rotational pattern 
as identified by Bjork (49), who described two patterns based 
on the direction and magnitude of condylar growth. Most 
common is the forward (counterclockwise} rotator, where the 
condyles develop in a vertical to forward direction. This 
pattern is to be expected in a normal or prognathic grower 
and is generally the pattern of choice because it tends to 
fiatten a convex profile. Backward mandibular rotation is , 
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I 
characteristic of retrognathic facial patterns. Bjork 
noted that the center of rotation could be found in 
different areas which include the incisor region, bicuspid-
molar region and the condyle. The most favorable pattern 
for normal development exhibited forward rotation with the 
center of rotation at the incisors. It may then be postu-
lated that posterior dental extrusion aimed at improving 
the overbite relationship may impede orthodontic aims by 
shifting the center of rotation of the mandible posteriorly 
from the incisor region. 
Where molar extrusion is insufficient to achieve an 
ideal overbite relationship, incisor intrusion is another 
alternative. However, as previously indicated there is a 
higher relapse potential associated with lower incisor 
depression (20,21,47). Greater stability may be expected 
if the lower incisors are held in position while posterior 
vertical growth is encouraged to reduce anterior overbite 
as suggested by Schudy (20). The situation pertaining to the 
upper incisor is less clear. Simons and Joondeph {47) were 
unable to relate upper incisor intrusion directly to over-
bite relapse. Those following the Tweed philosophy use 
an anterior high pull gear exclusively to accomplish this 
end and believe in its efficacy {37). 
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Though the gears studied in this report are attached 
to the teeth, the forces delivered are apparently trans-
mitted to the underlying skeletal structures (17,18,26, 
' 
27}. Dental changes are only a part of the overall effect 
of extraoral forces which contribute to overbite correction. 
Mandibular clockwise rotation can be due in part to posterior 
dental extrusion and/or counterclockwise rotation of the 
maxilla, forcing the mandible open and thus opening the 
bite. Similarly, an anterior depressive force on the maxil-
lary incisors could easily cause a modification of the 
palatal plane. Reference has been made to the positive 
correlations between mandibular rotation, palatal plane and 
occlusal plane changes (17,19,23,26,27). 
No discussion of bite opening is complete without con-
sideration of the 'Curve of Spee'. . In most treatment pro-
cedures the 'Curve of Spee' is leveled for a number of 
reasonsJ including bite opening. The leveling of the 
arches generally entails differential extrusion and extrusion 
of teeth; the molars and incisors are usually depressed arid 
the premolars are elevated (50). Fiber rearrangement 
apparently occurs within a few months so that the retention 
phase is built into a two year treatment by virtue of fixation 
by the arch wires (2). However, in many cases which show 
relapse of a previously corrected anterior overbite, a return 
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of the 'Curve of Spee' is also apparent. 
In the present study, the most profound effects of 
extraoral traction were seen with the cervical gear with 
incisal spur. Anterior bite opening was apparently influen-
ced by upper molar extrusion (2.13mm), which was three 
times more than any other group. This would contribute 
3mm of anterior bite opening based on Schudy's formula. 
Similarly, the CTG with spur showed 1.07mm of incisor 
intrusion as opposed to .3lmrn with plane CTG. Thus the 
total dental change has contributed at least 4mm of anterior 
overbite correction. Along with leveling and rotational 
effects, anterior bite opening can apparently be explained 
by the data. The action of the CTG with Kuhn spur may be 
explained by virtue of the fact that it contacts the maxilla 
in two places: the first molars and the anterior teeth, 
thus creating a center of rotation between the two. 
The detrimental effects of mandibular clockwise rotation 
were not observed. The patients in this study may have 
been forward rotators, who could have exhibited compensatory 
condylar development to posterior dental extrusion. A 
similar explanation was offered by Ringenberg and Butts (36), 
who did not observe undesirable rotational effects in twenty 
five children with Class II division 1 malocclusions, treated 
by means of CTG and one arch therapy. The CTG with spur 
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showed the greatest amount of rotation (1.76), a fact con-
sistent with the degree of upper molar extrusion. 
Results are contradictory regard·ng the effect of the 
various gears on the palatal and occlusal plans (17, 19,22, 
23,26,27,44). Both upward and downward tipping of th 
palate has been shown and in some studies the occlusal plane 
has seemed to parallel palatal plane changes. Though not 
statistically significant, this study revealed that modifi-
cation of the palatal plane was apparently followed by con-
current modification of the occlusal plane. Yet the correla-
tions between these two variables was quite weak (r =. 35}, 
indicating that other unrelated factors also contribute to 
these effects. The anterior intrusive component of th spur 
seemingly modified these parameters by elevating the anterior 
maxilla and the incisors thus reducing the angle formed with 
SN. 
The use of the CTG with spur might be applicable in those 
cases where difficulty in anterior bite opening is expected. 
This includes patients who exhibit a lack of vertical growth 
as demonstrated by a flat mandibular plane angle and a 
short anterior facial height. Creekmore (28) has shown that 
the molars in such patients are already supraerupted due to 
excessive posterior dental height and therefore further ele-
vation to decrease overbite is extremely difficult and stabi-
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lity is questionable. However, orthodontic therapy is 
aimed at anterior overbite reduction and every effort must 
be made to reach this end. Similarly, incisors are 
generally infraerupted in such cases, but further attempts 
at intrusion are necessary to achieve desired goals. Indeed, 
even with the use of Kuhn spur, bite plate, Class II mechanics, 
and any other conceivable method of producing posterior 
eruption and anterior depression, a compromised result may 
be seen in these patients with a high relapse potential. 
Generali~ed use of fu~appliance is discouraged since the 
deleterious side effects, such as rotation, appear to be en-
hanced. 
Cervical traction contributes to bite opening in a 
similar manner as with Kuhn spur. Molar extrusion (.13mrn} 
and mandibular rotation (.41°} are seen but to a lesser 
extent. The anterior intrusive component is missing which 
detracts from incisor depression and rotation of the entire 
maxilla alluded to earlier. The degree of molar extrusion 
may be contolled somewhat by adjusting the level of the 
outer arms of the facebow so that the distal draw of the 
gear is accentuated and the extrusion component is decreased 
(24). Caution must be used with all forms of cervical 
traction in patients exhibiting vertical sensitivity as 
defined by Schudy, that is where GoGn to SN is greater than 
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38°, so that the deleterious effects such as rotation ·are 
not potentiated (20). Schudy has shown that the amount of 
rotation is related to the degree of upper molar extrusion, 
a relationship substantiated by this study. 
The use of cervical traction is recorranended in patients 
with "normal" growth patterns to achieve Class I dental 
correction and to enhance posterior anchorage during mechano-
therapy. The negative rotational aspects of the CTG were 
not observed in this study, corroborating the conclusions 
of Ringenberg and Butts (36), yet they have been documented 
by Schudy {19), King 22), Weislander (23) and Kuhn (24) . 
These effects may necessitate a modification in mechanics, 
such as discontinuance of the extrusive vectors of the CTG 
and the adaptation of a straight pull gear for extraoral 
traction. The introduction of Class II forces or other 
vertical vectors may potentiate these effects. 
Incisor intrusion should be maximized with HPG (-l.7lmrn), 
since this is its primary site of action. An intermediate 
effect should be seen with Kuhn spur (-l.07mrn), followed 
by the CTG (-.3lrnrn), which has no anterior force component. 
The results verify this hypothesis, however no significant 
differences were shown to exist between groups. 
One could argue as Castaldo {44) did, that the HPG 
showed little success in incisor intrusion or palatal plane 
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tipping. The results of this study lend credence to this 
hypothesis. The HPG is seen as the appliance of choice 
in cases where it is necessary to support posterior anch or-
age with stopped arch wires, and where vertical forc es may 
interfere with orthodontic correction as in backward rota-
tors. 
Also surprising is that more molar extrusion was seen 
with HPG than with CTG. This is contradictory to the find-
ings of Schudy (20), Klein (26), Merrifield and Cross (35), 
Barton (38), Poulton (31), and others. The slight amount 
of extrusion observed in the HPG group can possibly be 
attributed to an improper line of pull of the gear below 
Poulton's M-point (30,31), which is the centroid of the 
maxilla above the premolar roots, or to a rotation of the 
entire maxilla causing a contributory skeletal effect rather 
than purely a dental change. 
Appliances with the greatest posterior force component 
showed the most favorable reduction of apical base discre-
pancies. Kroll (39) and Poulton (30) have previously men-
tioned problems in incisor retraction with HPG in moderate 
to severe malocclusions. The CTG alone showed a gre ate r 
reduction of Point A than CTG with spur, although di ffe rences 
were not statistically significant. Possibly the ant eri or 
intrusive force of the spur dissipated much of the posterior 
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vector of the CTG. Headgear therapy on the whole was sh .otA.'n 
to hcve a signif..1.cant effect on reduction of apical base 
discrepancies. 
In conclusion, bite opening is seen as the interplay 
between skeletal and dental parameters within an individual 
growth pattern. Headgear types must be selected so as to 
encourage modifications consistent with orthodontic aims 
within an individual growth pattern. Headgear types must 
be selected so as to encourage modifications consistent 
with orthodontic aims without producing deleterious effects. 
This generally entails the manipulation of vertical force 
vectors with strict attention to individual patient needs 
and appliance behavior. 
... 
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SUMMARY 
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The CTG with spur produces maximum anterior bite 
opening by upper molar extrusion and concurrent mandibular 
opening via rotation. Incisor depression from the spur 
is thought to enhance this overall effect. Use of this ap-
pliance is recommended in patients presenting with flat 
mandibular plane and deep bite. The detrimental effects 
of rotation, elongation of lower facial height and inter-
ference with Class I correction, rarely occur in these 
cases. 
Cervical traction contributes to bite opening in much 
the same way as with Kuhn spur. Molar extrusion and mandi-
bular rotation are seen but to a lesser extent. The ante-
rior intrusive component is missing which detracts from 
incisor intrusion and the rotational effect of the entire 
maxilla alluded to earlier. The degree of molar extrusion 
may be controlled somewhat by adjusting the level of the 
outer qrms of the facebow. Caution must be used with all 
forms of cervical traction in patients exhibiting vertical 
sensitivity. 
Effects shown with anterior high pull headgear were 
inconclusive. Anterior bite opening was expected via in-
cisor intrusion, occlusal and palatal plane tipping. Al-
though these variables showed the greatest amount of 
change in the HPG group, no significant effects were dis-
cernable. 
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TABLE A: Mean Changes and Si nificance 
SN to 
6 
SN to 
1 
N to 
Me 
SNA 
SNB 
GoGn 
to SN 
Occl. 
to SN 
Pal. 
to SN 
SN to 
Pog. 
Cervical 
Traction 
.13mm 
-.3lmm 
- • 5mm 
-1.18° 
-.14° 
.41° 
* 
Cervical 
Traction 
with 
Incisal 
Spur 
2.13mm 
* 
-l.07rnm 
1.90mm 
-.81° 
1.76° 
* 
-.88° 
* Comparisons among gear types. 
P< .10 ("suggestive" of differences) 
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terior 
High 
Pull 
Gear 
• 72mm 
* 
-l.7lrnm 
0mm 
-.35° 
0 
.15° 
* 
-1. 12° 
-.79° 
Before versus 
Extr or 1 
Tr ction 
• lrran 
++ 
-.92mm 
. mm 
-.84° 
+ 
-.11 
.75° 
++ 
-.37° 
-.oa 0 
.56° 
++ 
fter 
+ P<.10 
++ P<. 05 
+++ P<. 01 
TABLE B: Correlation of Pretreatment with Posttreat ent 
for Each Variable 
Variable 
SN to 6 
SN to 1 
N to Me 
SNA 
SNB 
GoGn to SN 
Occl. to SN 
Pal. to SN 
Sn to Pog. 
Correlation Coefficient 
(r) 
.929 
. 870 
• 944 
• g.54 
.983 
.962 
. 749 
.900 
.974 
-7 3-
Significanc 
P< .. 001 
" 
II 
If 
" 
n 
" 
II 
" 
TABLE C: Correlate Changes in all Variables with 
E ch Other 
A B C D 
SN to 6 (A) * **** 
SN to 1 (B) 
SN to Me (C) 
SNA ( D) 
SNB (E) 
GoGn to 
SN (F) 
Occl. to 
SN (G) 
Pal. to 
SN (H) 
SN to 
Pog. (I) 
Significance of Correlation: 
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E F G H I 
* 
** 
**** ** ** 
* * * ** 
P< .. 1 - * 
P<.05 - ** 
P<.01 = *** 
P<.001=* ** 
** * 
* 
TABLE D: Ra\41 Data 
Pt. Group SN to 6 SN to 1 to Me -1 2 ., 
.J I F 
4 LC A 14 75.5 1.5 88.5 86 
-2.5 122 123 1 6 HCA 68 70 2 80.5 84 3.5 118 117 
-1 7 SD A 74 71 
-3 84.5 81 
-3.5 125.5 114 
-11. 5 11 LF A 79.5 78 
-1.5 90.5 89.5 
-1 124 123 
-1 13 DH A 67.5 68 
. 5 79 80 1 112 109 
-3 18 RM A 67 67 0 76.5 76 
-.5 114 112 
-2 20 PO A 74 75 1 80 81 1 120 118 
-2 21 JP A 67 68 1 83.5 83.S 0 123 126 3 22 DP A 76 79 3 88 88.5 
. 5 128 133 5 25 ST A 76.5 76.5 0 88 86 
-2 131 128 
-1 26 JW l\. 79 96 
-3 88 88 0 131 129 -? ... - 73.09 
.13 84.22 
-.31 122.3 
X A 72.96 83.96 121.8 
-. 5 2 JB B 68.5 84 113.S 3 PB B 66 70 +4 75.S 81 +5.5 11 6 118 +2 5 JC B 74.S 76.0 1.5 90 89 
-1 129 130 l 9 CF B 75 76.5 1.5 88 87.5 
-5 119 122 3 12 CG B 69.S 72 2.5 85 81.5 
-3.5 12 1 122 1 14 AH B 68 70.5 2.5 82 81 
-1 116 121 r-:.) 15 JL B 67 68 1 80.5 78 
-2.S 115 116.5 1 . 5 23 MP B 80 81 1 92 92 0 138. S 141 2 . 3 24 NS B 74 77 3 90 84.5 
-5.S 126 1 25 1 X B . 71. 7 5 73.78 2.13 85.38 84.31 
-1.07 122. 5 124.38 +l . 1 KB C 67.5 67.5 0 84 83 
-1 125 124 
-1 8 JF C 67 65.5 
-1.5 72.5 67.5 
-5 108 104 
-4 10 DF C 68 70 2 82.5 81.S 
-1 120 119 
-1 16 Mr-1 C 69 70 1 83 84 1 119 12() 1 17 PM C 68.S 69.S 1 83 81. 5 
-1.S 122 124 2 19 JM C 75 73.5 
-1.S 85 79 
-6 123 122 
-1 27 JW C 66 70 +4 81.5 83 +l.S 113 117 4 X 6 8. 71 69.43 
. 72 81.64 79.93 
-1.71 118.57 118.57 0 X 71. 44 2 7 2 . 3 5 
.91 83.90 82.98 
-.92 121.32 121 .7 2 +.4 
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SNA SNB GoGn to SN Occl. to SN 4 5 6 7 
4-
,,. 
... 
+ 
80 79 
-1 15 75 0 37 38 1 18 17 
-1 77 .. 5 75 
-25 73 72 
-1 39 41 2 19.5 22 2.5 77 77 0 73 73.S +.5 30 28.S 
-1.5 19 18 
-15 85 84 
-1 76 76 0 40 40 0 26.5 23 
-3.S 80 76 
-4 74 73 
-1 30 30 0 16 20 4 81 80.5 
-.s 78 78.S 
. 5 33 35 2 16 17. 5 1.5 84 86 82 79 81 2 32.5 51 
-1.5 16 18 2 77 73 
-4 70 69 -1 4U 50 2 24 31 7 84 84 0 79 79.S 
. 5 34 36 2 16.S 11 
-s.s 82 81 
-1 75 . S 75.5 0 46 45.S 
-.s 22 22 0 77 76 
-1 73 71 
-2 40 39 
-1 19 22.5 3.5 80.41 79.23 
-1.18 75.0S 74.91 
-.14 37.23 37.64 +.41 19.32 20 .18 • 84 79 74 37 27 75 73 
-2 71 71 0 35 37.S 2.5 15 19 4 82 81 
-1 78 76 
-2 32.5 37 4.5 19 19 0 79 80 l 76 76.5 .s 31 33 2 15.S 17 1.5 85 84 
-1 77.S 77 
-.s 34 35 1 19.5 15 
-4.5 79 77 
-2 74 74 0 34 33.S 
-.s 22 18.5 
-3.5 79 78 
-1 76 76.S 
. 5 34 35 l 19.5 15 
-4. 5 77.S 78 
. 5 71 71 0 34.S 38 3.5 20 16.5 
-3.5 83 82 . 
-1 76 76 0 35 34 
-1 17.5 19 1.5 79.94 79.13 
-.81 74.94 74.74 
-.19 33.68 35.44 1 . 76 18.38 17.50 
-.88 71 71 0 64 64 0 47 48 1 26 26 0 89 90 1 87 87.S .s 24 22 
-2 12 6 
-6 82 82 0 76 76 0 37 . 5 38.5 l 21.5 79 
-2.5 78.S 78 
-.s 73.S 74 • 5 38 38.S 
. 5 25.5 23 
-2.S 75 75 0 72 72 0 39 39 0 24.5 26 
-1.5 80 78.5 
-1.5 78 77 
-1 32 33 1 17. S 17 
-. 5 78.S 
. 77 
-1.5 72.S 72.5 0 42.5 42 
-.s 22 20 
-2 79.14 78.79 
- . 35 74.71 74.71 0 37.14 37.29 
.15 21.29 19.57 
-1.72 79.92 79. 0 8 
- • 84 74.52 74.81 
-.11 36.12 36.87 . 75 19.56 19.19 
-.37 
-7(-
Pal. Plane to s_~ 
8 
7 8 1 
13 13 0 
9.5 85 -1 
5.5 7 1.5 
5.5 6.5 1 
8 9 1 
7.5 6 -1.5 
8 10 2 
2 3.5 1.5 
13.5 13 -.5 
15 14 
-1 
8.59 8.96 .37 
9 
6.5 6 -.5 
55 8.5 3 
10 7 
-3 
7 8.5 1.5 
14 12 
-2 
7 9 2 
12 10.5 -1.5 
85 85 0 
8.81 8.75 -.06 
16 15.5 -.5 
7.5 5 -2.5 
9.5 9 -.5 
8 8 0 
5 5 0 
6 6 0 
6 4 -2 
8.29 7.50 -.79 
8.58 8.50 -.08 
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SN to Pog. 
9 
66 66 
71 70 
70 68.5 
69 69 
64 65 
63 63 
63 64 
71 74 
66 66 
72 72 
73 75 
68.00 6 8. 41 
66 
67 68.5 
63 66 
64 64 
64 64.5 
64.5 66 
65 65.5 
72 74 
69 69 
66.06 67.19 
76 77 
57 57 
66 65.5 
69 69 
63 63.5 
63 6 3. 5 
73 73 
67.43 67.57 
67.25 67.81 
0 
-1 
-1.5 
0 
1 
0 
+l 
+3 
0 
0 
2 
.41 
1.5 
3 
0 
-
• ::> 
1.5 
• 5 
2 
0 
1.13 
1 
0 
-.5 
0 
. 5 
. 5 
0 
.14 
.56 
